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Sir: 

DECLARATION UNDER 37 C.F.R. 1.132 



I. William W. Bachovchin. declare as follows: 



1 . I am an inventor of the subject matter disclosed and claimed in United States patent 
application Serial No. 08/950.542. filed October 15. 1997. and entitled ""INHIBITORS OF 

dipeptidyl-aminopeptidase TYPE IV. 

2. I am a Professor of Biochemistry at Tufts I niversitv . Boston. Massachusetts; and I am 
also a founding shareholder in Point Therapeutics. Inc.. Boston. Massachusetts, a licensee of the 
above-referenced patent application. 

I have read the Final Office Action mailed June 24. 1999; the Advisory Action, mailed 
February I. 2000: and the references cited therein b\ the Examiner. 1 have previously submitted 
on April 2. 1999. a Declaration pertaining to the disclosure made in Bachovchin el al. .1 lliol. 
( 'hem. 265:3738. 1990 ("Bachovchin JBC"). It is m\ understanding that the Examiner requests 
further evidence regarding the invention as claimed in the present application and specifically as 
it pertains to the patentability of the claimed invention m \ iew of the following prior art 
references: Bachovchin el al. J Biol. ( 'hem. 2fo:373S. N l) <> (""Bachovchin .IBC): U.S. Patent 



Bachoxchin et al. ("Bachovchin PC P): and Flenlkc ct a! /W \atl. Acad. Sci. f XI 88:1556. 
1^1 cTlentke PNAS"). 

4. I am a co-inventor or co-author on each of the re Terences identified in paragraph 3 above. 
None oT these references teaches a mixture of isomers thai i> enriched in the [.-isomer of boroPro 
as claimed in the present application. USSN 08/950.54:. and further still none of these 
references teaches a method of preparing such a mixture. 

5. In particular, on page 2 and continuing onto page " of the f inal Office Action mailed 
June 24. 1999, 1 have read: . . Bachovchin has argued that his teachings in this article (J. Biol. 

IK/ onnlirvint h:w :in'iw, I tlint i Wo thllmvino structure is 

formed: 




1 low ever, in paragraph 7 of the declaration, there is a contradiction. On the one hand, applicant 
refers to a 'conformation equilibrium on ... a slow time scale". But on the other hand, the last 
sentence of paragraph 7 states that there is actually a covalent bond that is formed. Hither there 
is a covalent bond or there is not." (Hmphasis added.) 

6. No contradiction exists. The conformation equilibrium on a slow time scale relers to the 
conversion of the trans to the r/.v conformation of the amide bond. The formation ot the covalent 
bond between the boron and the nitrogen only occurs when the molecule is in the as 
conformation. This N- B covalent bond is labile allowing tor the conversion of the cis isomer 
back to the trans isomer. The covalent bond does not form in molecules of the trans 
conformation due to geometric constraints. 
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read: "It" there is in fact a comalent bond between the alanyl nitrogen, and the boron that is 
bonded to the pyrrolidine ring, then perhaps it would appear at first blush that the prior results (./. 
Bio! ( 'hem. . 1 WO) could be explained by a co-elution (on silica gel ) of the I A )-cis and the L.L- 
cis isomers with one another, and separately, aco-elution of the I .A)-trans and l.A.-tnms 
isomers. 1 here are. however, three arguments against such a conclusion; (a) applicants have 
stated in paragraph 7. declaration, that there is a conformational equilibrium, rather than an 
outright covalent bond formation; (b) even if there were covalent bond formation between 
nitrogen and boron, the //Y/m-isomer would not be 'trapped* b\ the boron atom, i.e.. at best, there 
would be a mixture of covalently bonded *cis* isomers, and structures in which there is not 
bonding between nitrogen and boron; in the compounds for which no covalent bonding was 
present, iheie would be no cis f inifis isomerization. (c) applicants have provided an NV1R 
spectrum w hich is asserted to be that of a 'bone-fide* L.L -isomer. 1 lowever. in describing the 
compound for which this spectrum was obtained, applicants are entirely silent about the question 
of the purported cis'trans isomerization. The questions remain, for the 'bone-fide* L.I, -isomer, 
is this the cis isomer, or the trans isomer, and is there a covalent bond between the nitrogen of 
the alanine, and the boron of the pyrrolidine ring?" 

8. With respect to argument (a) made by the Examiner, a conformational equilibrium does 
exist between the cis and trans isomer as stated above in paragraph 6. This conformational 
equilibrium is on a time scale slow enough to allow for the separation of the cis and trans 
isomers. In addition, the covalent bond between the boron and nitrogen in the cis isomer may 
contribute to the slow ness of the interconversion between the cis and trans isomers and may be 
what allows one to separate the cis and trans isomers. 

^. With respect to argument (b) made by the bxaminer. cis trans isomerization about the 
N linkage of the amide bond occurs regardless of w hether a covalent bond forms. It just so 
happens that the geometry of the cis isomer allows for the formation of a cyclic structure with a 
B- -N bond. Due to the labilux of the B- N bond in the cis isomer, the molecule is not trapped 
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formation of such a c\clic structure. 

10. With respect to argument (c) made by the Fxaminer. the term "bone-tide" I.J isomer, as 
it refers to the NMR spectrum previously submitted as Hxhibit C of the Declaration tiled April 2. 
1999, represents the I. J. -isomer in the trans conformation. Therefore, the NMR spectrum of the 
"bone-fide" L J, -isomer presented in the previously tiled Declaration is that of the transA.A - 
isomer with no B- N bond present. 

11. In particular, on page 4 of the Final Office Action mailed June 24, 1999, I ha\e read: 
"While it is plausible that there could be some sort of coordination between the nitrogen ol the 
alanine and the boron of the p\rroiidine ring, applicants arguments in the declaration are 
otherwise unconvincing. Particularly unlikely is the possibility of a 'trans' isomer, given that 
only a six-membered ring (adjacent to a 5-membered ring) is being proposed." 

12. As has been stated before, the covalent bond between the nitrogen of the alanine residue 
and the boron of the proline residue only forms when the compound is in the as conformation. 
The covalent bond does not form in the trans conformation due to geometric constraints. 

13. In particular, on page 4 of the Final Office Action mailed June 24. 1999. I have read: "If 
it is really true that the compound isolated in the./. Biol. Clian. paper was an N->B eovalentlv 
bonded //v/m-ring structure, that fact is of little import from a legal perspective. Bachovchin. in 
the,/. Biol. Chem. paper characterized the compound, whatever it was, as the F,F-isomer. Thus, 
the chemist follow ing the published procedure would readily obtain the compound in 95" ( » purity 
after a single pass through silica: it is reasonable to expect that a second pass through silica 
would provide even higher purity" 

14. Following the procedure in the./. Biol. Chan, paper, one would not obtain the compound 
in 9S 0 () purity after a single pass through silica. Fvidence to this effect was first presented in the 
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95% purity of the desired [..[.-isomer. 

15. In particular, on page 5 of the 1 inal Office .Action mailed June 24. 1999. 1 have read: 
"Turning next to the arguments of applicants* attorney, she has relied heavily on the argument 
that it would not have been oh\ ions to switch from silica gel to a CI 8 matrix. Such an assertion 
is not challenged, but the extent to which it might be true is of little consequence w ith regard to 
the question of novelty. The claims are draw n to compounds (mixtures), not to a method of 
separation. The path by which the compounds may have been purified is not controlling 1 he 
reference has described the means to obtain Ala-boroPro in 95% enantiomeric excess; if the 
compound has in fact been misidentified. that is of little consequence from a legal standpoint." 

16. Again, as stated above. Baehovehin JBC does not describe the means to obtain Ala- 
boroPro in 95% enantiomeric excess. 

17. In particular, on page 5 of the Final Office Action mailed June 24, 1999. I hav e read: 
"Applicants have also made reference to Biochemistry 32. 8723. 1993. If applicants w ish to rely 
on this disclosure, applicants arc requested to point out the exact location in the text where is 
(sic) is stated there is a N -> B eovalently bonded trans-ring structure. Comments by the 
examiner with regard to this reference will be deferred pending identification of the relevant 
passage." 

18. Again, there is no N- >B eovalently bonded //v///.v-ring structure. Only the c/.v- isomer may 
exist in the N -> B eovalently bonded cyclic structure. 

19. In summary, none of the cited references in paragraph 3 above describe or suggest how to 
obtain the mixture of stereoisomers as claimed in the present application, USSN 08 950.542. 
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20. I, William W. Bachovchin, declare that all statements made herein of my own knowledge 
are true and that these statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful, false statements and the 
like are made punishable by fine or imprisonment, or both, under §1001 of Title IS of the United 
States Code and that such willful, false statements may jeopardize the validity of the application 
or any patents that may issue thereon. 




William W. Bachovchin. PLD 



Date f\ / 
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3. 



Declaration of William Bachovchin Under 37 C.F.R. 1.132 

I, William Bachovchin, state and declare the following: 

I am a sole inventor of the above-identified patent application. I make this Declaration 
support of an Amendment filed in connection with the above-identified patent application 



in 



2. I am a professor of Biochemistry at Tufts University, Boston, 

MA and am also a consultant in Poim 

Inc., a licensee of the above-identified patent application from Tufts University. A copy of 
my curriculum viuc is attached hereto as Exhibit A. 

3 . I have studied the above-identified patent application and the pending claims (Exhibit B, 
attached hereto). The pending claims are directed to a "mixture of stereoisomers consisting 
of two or more compounds of the following structure: 

H X 1 

i / 
A'-N - C- B 

I ! \ 

CH 2 CH 2 X 2 
\ / 
CH 2 

wherein each X' and X 2 is, independently, a hydroxy] group or a group capable 



"nc-ein saia compounas. a: jeasi *(>% ot tne caroon atom, oeanng boron are or th; 
L-configuration n (claim 35). 



PFR 61 '?q 1^:55 



Serial No. 08/950,542 



4. I also have studied the Office Action mailed from the United States Patent and Trademark 
Office on December 4 3 1998 and the prior art references cited therein by the Patent Office 
Examiner. It is my understanding that the Patent Office Examiner requests further 
evidence that the invention claimed in the above-identified patent application is not 
obvious in view of .the following prior art references: 

W. Bachovchin, et al, J. Biol. Chem. 265:3738 (1990) ("Bachovchin JBC 1 ); 

U.S. 4,935,493, issued to Bachovchin ("Bachovchin 4 493"); 

PCT Application Publication No. w'O 89/03223, iiivcutors W. Bachovchin, et al. 
("Bachovchin PCT application"); and 

Flentke et al., Proc, Natl. Acad. Sci. 88:1556 (1991) ("Flentke PNAS 1 *). 

A brief explanation as to why these references do not describe or suggest the mixture of 
boroproline compounds as claimed in the above-identified patent application is provided in 
the following paragraphs. 



5. Bachovchin JBC describes the preparation of certain boroproline compounds. In 
particular, Bachovchin JBC states that attempts were made to further purify the various 
isomers of a H-Aia-boroPro-pinacol preparation (page 3743) emphasis added: 

tc NMR analysis indicates that this column [silica gel] partially separates the 
two isomers of ala-boroPro-pinacol. The early fraction appears from the 
NMR spectra to be approximately 95% enriched in one isomer. Because 
this early fraction has more inhibitory power than the later fractions at equal 
concentrations, we presume that early fraction is enriched in the L-boroPro 
isomer ... further characterization of the isomers based on stereo specific 
synthesis will be published in a separate paper." 

6. At the time Bachovchin JBC was submitted for publication, I incorrectly presumed that 

which had been presumed to be enriched in the L-boro Pro isomer was, in fact, not L-boro 
Pro. The details of that discovery are discussed in the following paragraphs. 
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Serial No. OS/950,542 -3- 

7. I now know that what Dr, Flentke, the postdoctoral fellow in my laboratory at the time who 
did this work, actually accomplished was separation of cis and trans isomers. At that time, 
I did not suspect that these Xaa-boroPro molecules underwent this conformational 
equilibrium on such a slow time scale. I have since established that all Xaa-boroPro 
molecules undergo" this conformational equilibration and that the cis isomer is inactive^the 
trans is active. Hie cis isomer forms a cyclic structure in which the N terminal amino 
group becomes covalently bonded to the boron. 

8. I and others under my supervision in my laboratory have since successfully separated and 
fully characterized the four possible forms of several Xaa-boroPro molecules (i.e., cis and 
trans L, L and L, D enantiomers). The data reported in Bachovchin JBC clearly proves that 
Dr. Flentke had a mixture of the LJL, and L,D enantiomers, in the trans forms. The 
resonance at 3.1 ppm, the V proton of the proline ring, is diagnostic of the trans isomers. 
The cis or cyclic form would have shown this proton resonating at 2.6 ppm. Such a signal 
is not present in Dr. Flentke's spectra of the early eluting fractions, but is present in the late 
running fractions, thereby establishing that he had indeed effected a separation of trans 
from cis and that this explains the relative activities of the two fractions. 

9. That Dr. Flentke*s early eluate contained both L,L and L,D isomers also is demonstrated 
by the poor resolution of several of the NMR signals. In particular, Bachovchin JBC states 
that there is a multiplet at 3.5 to 3.6 ppm. These are the proline ring protons in the d 
position. In bonc-fide L, L enantiomer, these two protons are clearly resolved, one at 3.46 
ppm, the second at 3.6 ppm as shown in Exhibit C, attached hereto. The reason Dr. 
Flentke was not able to resolve the two signals at 3.46 ppm and 3.6 ppm is that the 
corresponding L,D enantiomer was giving rise to signals with similar chemical shifts, 
though different enough to prevent resolution of the individual signals. 



presence of overlapping signals. The spectra of the pure L,L enantiomer, m contrast., 
shows a clearly resolved quariet for this proton (see Exhibit C). 

21 '== 16:56 
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Serial No. 08/950,542 -4- 

12. Bachovchin JBC also makes reference to a multiple! at 3.1 ppm, again revealing the 
presence of overlapping signals. The spectra of the pure L,L enantiomer, in contrast, 
shows a clearly resolved doublet of doublets for this proton (see Exhibit Q, 

13. In view of the evidence submitted herewith and described above, I have concluded that the 
"early" find "later" fractions described in Bachovchin JBC do not represent the separation r 
of the L and D cnantiomers of the boroproline molecule. 

14. In summary, at the time Bachovchin JBC was submitted (! 990), I did not fully appreciate 
the multiple forms (e.g., geometric isomers, optical isomers, intramolecular reaction 
products) in which the dipeptides could exist. These multiple forms were subsequently 
discovered and described in a later Biochemistry 1993 reference: W. Gutheil and W. 
Bachovchin, "Separation of L-Pro-DL-boroPro into Its Component Diastereomers and 
Kinetic Analysis of Their Inhibition of Dipeptidyl Peptidase IV, A New Method for the 
Analysis of Slow, Tight-Binding Inhibition", Biochemistry 32: (1993) (attached hereto as 
Exhibit D). 

15. The Biochemistry 1993 reference describes the preparation of L, L and L, D Pro-boroPro 
Diastereomers by C18 HPLC as described in the legend of Fig, 2 of the above-identified 
patent application, i.e., the separation conditions described in the Biochemistry 1993 
reference are substantially identical to the HPLC separation conditions provided in the 
above-identified patent application. 

16. I ultimately abandoned silica gel chromatography as an approach for purifying the 
enantiomcrs and, instead, developed an alternative reverse phase technique (the CI 8 
separation described in the above-identified patent application and in the Biochemistry 



1 7. I am a co-inventor or co-author on each of the remaining reterenct:s identified in ; 4, 

above. None of these references describe a preparation containing a mixture of isomers 

^41225 1 

hPR 21 '95 16-56 o^r nr. 



lUMb UNIV. tJiULntriiS IKT 





Serial No. 08/950,542 



that is enriched in the L-isomer as claimed in the pending claims. None of these references 



stereoisomers as claimed in the pending claims. 

1 8. In summary, the NMR results submitted herewith (Exhibit C) evidence that the optically 
pure I^isomer is different from the compound that reportedly was '"presumed" to be the L : 
isomer in Bachovchin JBC (1990). None of the above-cited references flf 4) describe or 
suggest how to obtain the mixture of stereoisomers as claimed in the appended claims 
(Exhibit B). 

I, the undersigned^ declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true, and further, that 
these statements were made with the knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or both, under §1001 of title 18 of the United States Code, 
and that such willful false statements may jeopardize the validity of this document and any patent 
which may issue from the above-identified patent application. - 



suggest a method for separating a mixture of stereoisomers to obtain the mixture of 



Date: 04/01/99 




William Bachovchin 
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Exhibit A: 

William Bachovchin, Ph.D. - Curriculum Vitae 



BIOGRAPHICAL SKETCH 

Give the following Information for the key personnel and consultants and collaborators. Begin with the principal investigator/program 

director. Photocopy This page for each person. 



NAME 


POSITION TITLE 


William W. Bachovchin 


Professor 



INSTITUTION AND LOCATION 


DEGREE 


YEAR 
CONFERRED 


FIELD OF STUDY 


Wake Tores I University, Winston-Salem, NC 


B.S. 


1970 


Biology 


California Institute of Technology, Pasadena, CA 


Ph.D. 


1977 


Chemistry 


California Institute of Technology, Pasadena, CA 


Fellow 


1978 


* 5 N NMR:SerineProteases 


Harvard Medical School, Boston, MA 


Fellow 


1979 


Zn Meiallopcptidases 



RESEARCH AND/OR PROFESSIONAL EXPERIENCE: Concluding with present position, list in chronological order previous employment, experience, an<3 honors. Key 
personnel include the principal investigator and any other individuals who participate In the scientific development or execution ot the project. Key personnel typically will 
include all individuals with doctoral or other profes&jonal degrees. Dul In sorre projects will indude individuals at the masters or baccalaureate level provided they contribute in 
a substantive v.sy to the sclen'JiJc development or «i»riiticn of The prolecr. include oresent membership on any Federal Government public advieory committee List. In 
chronological oraer, the titles, all authors, and complete references to all publications during The past three years and to representative earlier publications perbnent to mis 
application. DO NOT EXCEED TWO PAGES. 

Professional Fvperieneer 1979-84, Assistant Professor; 1984-89, Associate Professor; 1989-Present. Professor, Department of 
Biochemistry, Tufts University School of Medicine, Boston, MA. 

Honors and Awards: NTH Research Career Development Award, Feb.L, 19S3-Jan. 30,1988; American Cancer Society Postdocroral 
Fellow, 1978-79. 

Other Posts: Chairman. Outside Advisory Committee. Stable isotopes Resource, Los Alamos National Laboratory, Los Alamos, New 
Mexico. 1988-present. 

(1) U.S. Patent # 4,935,493. Peptide Prolyl boronic acid inhibitors of IgA proteases, issues 3/19/90. 

(2) U.S. Patent #5,462.928. Inhibitors of Dipeptidyl amino peptidase type IV. Issued 10/31/95. 

(3) U.S. Patent #5,580,979. Phosphotyrosine peptidormmeiics lor inhibiting SH2 domain interaction. Issued Dec. 3, 1996. 

(4) US patent # 5,776,902. Boronophenyl analogs of phosphotxyosincs. Issued July 7. 1998. ' 

(5) USNN # Multivalent compounds for crosslinking recptors and uses thereof. Submitted July 28, 1996. Approved and will soon 
issue. 

Patents Pending: 

(1) USSN # PCT/US95/13974. Tandem coil NMR probe. Filed 11/26/95. 

(2) USSN # 781-552. LX-boroPro dipepticles for inhibition of Dipetidyl amino peptidase type IV. Filed 1993. 



Selected publications, past three years in reverse chronoloeical order: 



A Low Barrier Hydrogen Bonds in the Catalytic Triad of Serine Proteases. Theory versus Experiment, Elisa Ash, James Sudmcicr, 
Edward C. Dc Fabo, and William W. Bachovchin. Science, 278, II 28- 11 32 (1997). 

A lj C-NMR study of the role of Asn-155 in stabilizing the oxyanion of a subtiiisin tetrahedral adduct Timothy p. O'ConncIl, Rcgina 
Day, Ekatcrina V. Torchilin, William W. Bachovchin and J. Paul G. Maithouse. Biochem. J. 326, 861-866 (19I>7) 

Solurion Structure of The Origin DNA Binding Domain of SV40 T- Antigen. Xuelian Luo, David G, Sanford. Peter A. Bullock and 
William Bachovchin, Nature. Structural Biology 3, 1034-1039 (1996). 

Srrircrure-Acr/viry Relationships of Boronic Acid Inhibitors of Dipeptidyl Peptidase IV. Variation of the P2 Position of Xaa-boioPro 
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l5 N and J H NMR Spectroscopy of the Catalytic 1-listidinc in Chlororaethylkctonc Inhibited Complexes of Serine Proteases. Elisabeth 
Tsilikounas, Thara Rao, William G. Gutheil and William W. Bachovchin. Biochemistry, Biochemistry 35, 2437-2444 (1996). 

Sensitivity Optimization in Continuous-flow FTNMR. James L. Sudmeier, Ulrich L. Giinther. Klaus Albert, and William W. 
Bachovchin. J. Mag. Resoru, Scries A 118. 145-156 (1996). 

Potentiation of the Immune Response in HTV-1 + Individuals. Tracy Schmitz, Robert Underwood, Raman Khiroya, William W. 
Bachovchin andBrigitteT. Huber. / Clin. Invest, 97, 1545-1549 (1996). 

Structure and Function of the epidermal growth factor of P-selectin. Frcedman, S.J., Sanford, D.G., Bachovchin, W.W., Furie, B.C., 
Balcja, ID., and Furic. B. Biochemistry. 35, 13733-44 (1996) 

In Vivo Modification of CD26 (Dipeptidyl Peptidase W) in the Mouse. Naoto Yamaguchi. Charles Plant, Luigi Bianconc, William 
Bachovchin, Robert McCiuskcy, and Giuseppe Andres. Transplantation. 6, 973-985 (1996). 

HCN, A Triple Resonance NMR technique For Selective Observation of Histidine and Tryptophane Side Chains in 13/15N Labeled 
Proteins. James L. Sudmeier, Elissa L. Ash, Xuclian Luo, Peter A. Bullock, and William W. Bachovchin J Muz Res Series B 
113,236-247 (1996). 

NMR An a iysi? of Interactions of a Phosphatidylinositol 3'-Kinase SH2 Domain with the Phosphotyrosine Peptides Reveiils 
Interdependence of Major Binding Sites. Ulrich L, Gunther, Yuxi Liu, David Sanford, William W. Bachovchin, and Brian 
Schaffhausen. Biochemistry, 35, 15570-15581 (1996). 

Solution Structures of L-Val-L-boroPro and L-Val-L-boroPro determined by ID and 2D NMR Spectroscopy. Ulrich Gunther, 
Simon J. Courts, Roger J. Snow, and William W. Bachovchin, Mag. Resonance in Chemistry, 33, 959-970 (1995). 

NOE Enhancement in Continuous-flow 13 C and ]5 N FTNMR using Uptrcam ] H Pre-irradiaiion. Ulrich L. Giinther. James L. 
Sudmeier, Klaus Albert, and William W. Bachovchin J. Mag. Reson., Series A, 117, 73-77. (1995). 

A Reinvestigation of the Synthesis of [ 15 N2] Hydroxy 1 methyl imidazole: Useful in an Improved Syntheses of (o,l>[ji p v 15 N-)] 
Histidine. Louis A Silks TTT, Erik Dunkie. Clifford J. Unkefer, James L. Sudmeier, and William W. Bachovchin. Journal of 
Labelled compounds and Radiopharmaceuticals. XXXVI, 947-951 (1995), 

Boronic Acid Inhibitors of dipeptidylpcptidasc IV: Boronic Acid inhibitors of dipeptidyl amino peptidase IV: A new Class of 
Immunomodulatory Agents. Roger J. Snow and William W. Bachovchin. in Advances in Medicinal Chemistry Vol 3 149-177 
(1995). - ' 

Inhibition of CD26 enzyme activity with Pro-boroPro stimulates rat .granulocyte-macrophage colony formation and thymocyLc 
proliferation in vicro. Bristol, L. A., Bachovchin, W., and Takacs, L. Blood 85,3602-3609. (1995). 

Solution Structures of the Active and Inactive Forms of the DP IV (CD26) Inhibitor Pro-boroPro Determined by NMR 
Spectroscopy. James L. Sudmeier, Ulrich L. Gather, William G. Gutheil, Simon J. Coutts, Roger J. Snow, Randolph Barton 
and William W. Bachovchin. Biochemistry, 33, 12427-38 (1994). 

SLudics on Proline Boronic Acid Dipeptide Inhibitors of DP IV (CD26): Identification of a Cyclic Species Containing a B-N 
Bond. R.G. Snow, WAV. Bachovchin, R.W. Barton. S J. Coutts, DM. Freeman, W.G. Gutheil, T.A. Kelly, C.A. Kennedy D A 
Krolikowski, S.F. Lcnard, C.A. Pargellis, L.T. long, and J. Adams. 7. Am. Chenu Soc. 116. 10860-10869 (1994). 

IgA-Specific Prolyl Endopeptidases: Serine Type. Andrew G. Plaut and William W. Bachovchin. Methods in En*ymolos>\ 244 
137-152. (1994). 

Use of specifically 15 N-Iabeied histidine to study structures and mechanism within the active sites of serine proteinases, in Stable 
Isotopes Applications in Biomolecular Structure and Mechanisms. Proceedings of the Conference, Santa Fe, New Mexico. Ed: 
J Trewhetla, T. Cross, and C Unkefer. Los Alamos National Laboratory, Los Alamos, New Mexico. (1994) 

n;remJdvl reprid ^ e 1V — ivjrv ™ and - Ivmrhocvtes of MRL/Mp-lpr/1 P r mice correlates with disease onset. T. Kuboia. 



Kinslq, A Matlab Based Program for the Fitting of Kinetics Data with Numerically Integrated Rate Equations. Application 10 
Enzyme Catalyzed Progress Curves and to the slow Tight Binding Inhibition of Chymotrypsin by MeOSuc-Ala-Ala-Pro- 
boroPlie. William G. Gutheil and William W. Bachovchin. Analytical Biocliemistry, 223, 13-20(1994). 

Human immunodeficiency virus 1 Tat binds to DP IV (CD26). A Possible Mechanism for Tat's immunosuppressive activity. 
William G. Gutheil, Meena Subramanyam. George R. Flcntke, Eduardo Munoz, Brigitte T. Huber and William W. 
Bachovchin. Proc. Nad. Acad ScL U.S.A., 9 L 6594-6598 (1994). 

Evidence Against Involvement of CD26 (Dipeptidyl Peptidase) in HIV-1 Envelope Glycoprotein/CD4-Mediated Cell Fusion. 

Christopher C. Broder, Ofer Nussbaum, William G. Gutheil, William W. Bachovchin, & Edward A. Berger. Science 264 1 156- 
1159 (1994). 

Separation of L-Pro-DL-boroPro inLo its component diasteromers and kinetic analysis of their innibition of Dipeptidyl Peptidase IV. A 
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Exhibit B: 

PENDING CLAIMS fas amended in response to the Office Action Mailed from the U.S.P.T.O. on 
Decembers 1998) 

35. (Amended) A mixtiire of stereoisomers consisting of two or more compounds of the 
following structure [An isolated compound having the structure]: 

H X 1 
| / 
A'-N - C- B 

i i \ 

CH 2 CH 2 X 2 
\ / 
CH 2 

wherein each X 1 and X 2 is, independently, a hydroxyl group or a group capable of being 
hydrolyzed to a hydroxyl group at physiological pH; 

wherein at least 96% of the carbon atoms bearing boron are of the [bonds between the C 
and the B are in an] L-configuration; 

wherein A' comprises an amino acid; and 

wherein the compound inhibits DPIV activity. 

36. (Amended) The [compound] mixture of claim 35, wherein X 1 and X 2 are hydroxyl 
groups. 

37. ( Amended) The [compound] mixture of claim 35, wherein at least 97% of the carbon 
atoms bearing boron are of the [bonds between the C and the B are in an] L-configuration. 

38. (Amended) The [compound] mixture of claim 35, wherein at least 98% of the carbon 
atoms bearing boron are of the [bonds between the C and the B are in an] L-configuration. 

39. (Amended) The [compound] mixture of claim 35, wherein 99% of the carbon atoms 
bearing boron are of the [bonds between the C and the B are in an] L-configuration. 

40. ( Amended ) The [compound] mixture of claim 35. wherein A' is valine. 

41. (Amended) The [compound] mixture of claim 35, wherein A' is alanine. 

42. ( Amended ) A mixture of stereoisomers consisting of two or more compounds of the 
following structure [An isolated compound having the structure]: 

FT X 1 



CH : CH : 

\ / 
\ / 

CIT 
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wherein each X 1 and X 2 is, independently, a hydroxyl group or a group capable of being 
hydrolyzed to a hydroxyl group at physiological pH; 

wherein at least 96 % of the carbon atoms bearing boron are of the [bonds between the C 
and the B are in an] L-configuration; 

wherein X comprises an amino acid or a peptide; and 

wherein the compound inhibits DPIV activity. 

43. ( Amended) The [compound] mixture of claim 42, wherein X 1 and X 2 are hydroxyl 
groups. 

44. (Amended) The [compound] mixture of claim 42, wherein at least 97% of the carbon 
atoms bearing boron are of the [bonds between the C and the B are in an] L-configuration. 

45. (Amended) The [compound] mixture of claim 42, wherein at least 98% of the carbon 
atoms bearing boron are of the [bonds between the C and the B are in an] L-conFiguration. 

46. (Amended) The [compound] mixture of claim 42, wherein 99% of the carbon atoms 
bearing boron are of the [bonds between the C and the B are in an] L-configuration. 

47. (Amended) The [compound] mixture of claim 42, wherein X is an L-amino acid. 

48. (Amended) The [compound] mixture of claim 43. wherein X is a peptide having the 
structure 



CH 2 CH 2 

\ / 
CH 2 

wherein m is an integer between 0 and 10, inclusive; and 

wherein A and A' are L-amino acid residues such that the A in each repeating bracketed 
unit can be the same or a different amino acid residue. 

49. (Amended) The [compound] mixture of claim 48, wherein A and A' are independently 
proline or alanine residues. 



51. (Amended) The [compound] mix ture of claim 48. wherein in i> I. 



H 




A- N 



c- c - La' 
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(Gutheil, W.G., et al., "Separation of L-Pro-DL-boroPro into Its Component Diastereomers and 
Kinetic Analysis of Their Inhibition of Dipeptidyl Peptidase IV: A New Method for the Analysis 
of Slow, Tight-Binding Inhibition," Biochemistry 32:(1993) 
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Separation of L-Pro-DL-boroPro into Its Component Diastereomers and Kinetic 
Analysis of Their Inhibition of Dipeptidyl Peptidase IV. A New Method for the 
Analysis of Slow, Tight-Binding Inhibition^ 

William G. Guiheil and William W. Bachovchin* 
Department of Biochemistry. Tufts University School of Medicine. ISoslon. Massachusetts 02111 
Received November 30. 1992; Revised Manuscript Received May 12, 1993 

abstract: The potent dipeptidyl peptidase IV (DP IV) inhibitor l^t^Py" 0 ^^^!"^^- 2 ^^;.-- 
dinyljbcronic acid (L-Pro-DL-boroPro) [FIcntkc. G. R.. Munuz. E ■ • H u b c r, B . T . , P 1 a u t , A . G . , Kc t n c r, 
C A & Bachovchin. W. W. (1991) Proc. Natl. Acad. Sci. U.S.A. 8S, 1556-1559] was fractionated into 
its component L-L and L-D diastereomers by CU HPLC. and the binding of the pur.fied dmstereomcrs lo 
DP IV was analyzed. Inhibition kinetics confirms that the l-l diastereomer is a potent inhibitor of DP iy 
having a K, of 16 pM. The L-D isomer binds at least 1000-fold more weakly than the L-L, if it binds at all, 
as the - 200-fold weaker inhibition observed for the purified l-d isomer is shown here to be due entirely 
to the presence of a small amount (0.597o) of the L-L diastereomer contaminating the L-D preparation. Ihe 
instabmty of Pro-boroPro. together with its very high affinity for DP IV and the im.e dependence ol the 
inhibition, makes a ri E orou 3 kinetic analysis of it, binding to DP IV difficult. Here »c have developed a 
method which takes advantage of the slow rate at which the inhibitor d.ssoc.ates from the enzyme. Hie 
method involves prcincubat.ng the enzyme and the inhibitor without substrate and then assaying ; the fcee 
ewyme by the addition of substrate and following its hydrolysis for a period of time which is short relate 
to the dissociation rate of the inhibitor. Data from experiments m which the preincubation me was 
sufficient for enzyme and inhibitor 10 reach equilibrium were analyzed by fitting to an app opriale rorm 
of the quadratic equation and yielded a K, value of 16 P M. Data from expen menu ,n which the ncuba on 
time was insufficient to establish equilibrium i.e.. within the slow-bmding regime, ^"g.^ 
to an integrated rate equation. The appropriate integrated rale equation for an A + Jl m C system going 
0 equilibrium does not appear to have been previously derived. The analysis of the slow-binding curve, 
y elded ft value of 16 pM, in agreement with that of 16 pM determined in the equilibrium ti rations and 
Tbin olccu ar rate constant of aLdalion. i... of 5 0 X 10" M-> s"'. The experimentally determine I *„ 
and™ indicate that the dissociation rate constant. i* 7. x 10- s- (r 1/2 = 150 m.n) ; I he Jo w-btudms 
curve* are show n here to fit a simple E + ■ I * EI model, indicating that ,t is not necessary to invoke a two-step 
mechanism to explain the inhibition kinetics. 



Dipeplidyl peptidase IV (DP IV) is a type II membrane- 
anchored serine c.\oprolease found on the proximal tubule* c-r 
the kidney (Gossrau, 1985; Wolf el a!.. 1978), in the intestinal 
epithelium (Svenssor. el al, 197S; Corporate et al.. 1 985), on 



the surface of certain subsets of T lymphocytes, particularly 
CD4* helper cells (Ansorp.c & Ekkehard. 1987; Scholar at.. 
1935; Mentlein el at., I9S4),and in a number orother tissues. 
This protease has been implicated in a variety of physiological 
functions, including the siKagc of amino acids (Miyamoto et 
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rrans Pro-boroPro 

FIGURE 1: Structure of r^/u-Pro-boroPro shewing chirul Centers. 
The coupling of L-Pro with raccmic Lb-boroPro is expected lo yield 
a mixture of two dtastcrcomcrs: L-Pro-L-boroPro *nd L-Prc-D- 
boroPro. 

(SchOne/fl/.. 1985; Flentke et a/., 1991). Specific inhibitors 
of DP IV are therefore or some interest, both as tools to help 
elucidate the biological role or roles of DP IV and as potential 
therapeutic agents. 

Wc have previously reported the synthesis and i preliminary 
kinetic characterization of two potent inhibitors of DP IV, 
Ala-boroProand Pro-boroPro (boroPro refers loan analog of 
proline in which the carboxylate group is replaced by a boronyl 
group) (Baehovchinerc/., 1990; Flentke eial t 1991). These 
inhibitors have an immunosuppressant activity, suppressing 
antigen-induced T cell proliferation, in T-crl! r.nlrure systems 
( Flentke e( o/. t 1 99 1) and antibody production in mice (Kubota 
€( al. f 1992). These findings lend support to the hypothesis 
that DP IV plays a role in T-ccl! proliferation and suggest 
that DP JV inhibitors may be of therapeutic value. 

Aia-boroPro and Pro-boroPro belong to a class of serine 
protease inhibitors known as peptide boronic acids (Kettncr 
&Shenvi, 1984). Inhibitors of this class can have remarkably 
high affinities for their target enzymes.. For example, McO- 
Suc- Ala-Ala-P/o-boroPhe inhibits chymotrypsin with a A' t of 
1 60 pM (Kettner &Shenvi, 19S4),and Ac-D-Phc-Pro-boroArg 
inhibits thrombin with a K t of 41 pM (Kettner el oL, 1990). 
The potency of these inhibitors is widely attributed tu the 
ability of the boronyl group to form a telrahcdral adduct with 
the active site serine, which cIo >c1y mimics the transition state 
of the enzyme-catalyzed reaction (Koehler A, Lienhard, 1971; 
Lindquist & Terry, 1974; Rawn i< Lienhard, 1974, Philipp 
& Maripuri, 1981; Bachovchin ci al , 1 938). The peptide " 
moiety, however, must also contribute importantly to the 
affinity, as simple alky!- and arylboronic acids arc many orders 
of magnitude less effective as inhibitois. X-ray crystallography 
and NMR .spectroscopy have confirmed the presence of a 
boron-serin c tctrahcdral adduct in several serine protcasc- 
peptide boronic acid inhibitor completes. However, NMR 
spectroscopy has also demonstrated that in certain cases 
tctraliedral bgrun-hi3tidinc adductsare formed (Bachovchin 
et al., 1988; Tsilikounas et al., 1992). 

The more potent peptide boronic acid inhibitors usually 
inhibit their target enzyme** in a time-dependent manner 
(Kettner & Shcnvi, 1934; Shcr.vi, 1 ytf 6; Kettner cl al., 1938. 
1990), a phenomenon known as slow-binding inhibition 
[reviewed in Morrison and Walsh ( 19SS)]. Both Ala-boroPro 
and Pro-boroPro are slow-binding inhibitors of DP IV. 
Morrison and Walsh ( 19S3) have postulated that most, il not 
all, slow-binding inhibitors bind to their target enzymes in 
two steps, i.e., the inhibitor first forms a relatively weak 
complex with the enzyme, which then undergoes slow 
conversion to a tighter complex. The molecular mechanism 
■ "\^r r ! v'^v ^'.v W-'-r*'-.-? rf ^rtirlr ho-onic acid* to serine 



understanding the catalytic mechanism of serine proteases 
and for the rational design of inhibitors. 

A major impediments the study of sluw-bindinginhibkion 
W that the kinetic analysis is not trivial. The high affinity 
these inhibitors typically have for their targe* enzymes means 
that kinetic experiments must often be carried out under 
conditions where I *= E and. thus, where the approximation 
that lf fee = I, 0U it, which greatly simplifies the kinetic analysis 
of weaker binding inhibitors, is no longer valid. The time 
dependence of the inhibition further complicates matters 
because it may prevent a steady-state rate from being reached 
until substrate depletion becomes significant. Such q system 
is described by a set of differential equations for which an 
integrated rate equation is not available, although expressions 
have been derived for the case wheresubstrate depletion is not 
significant during the time course of inhibitor binding (Cha, 
1975, 1976). 

The kineticanalysisof Ala-boroPro and Pro-boroPro binding 
to DP IV is even more complicated because these inhibitors 
are unstable, having half-lives of about 5 and 30 min, 
respectively, at neutral pH . In the preliminary kinetic analysis 
we reported K\ values of 2 and 3 nM, respectively, for Ala- 
boroPro and Pro-boroPro, realizing that these values sub- 
stantially overestimated the true K\ values owing to the 
simplified way in which K, determinations were carried out 
and io ihe irmubiiity and slew binding of these inhibitors 
(Flentkcc/ al, 1991). The original analyses were also carried 
out with inhibitors which were diastcrconicric mixtures, 
L-Ala-UL-boroPro and L-Pro-DL-boroPro. The expectation is 
that only one of the isomer.*, presumably the l-l Isomer, is the 
active inhibitor. 

Because the potency of these inhibitors is unusually high 
lor such small molecules, and because DP 1 V appears to have 
important biological functions, a more detailed analysis of 
how these small dipeptide boronic acids interact with DP J V 
should be of considerable interest. Here wc report (i) the 
purification of L-Pro-L-boioPro and i-Pro-D-boroPro from 
thcL-DLdiastcrcomcnc mulureand (ii) a morcdetailedkinctic 
analysis of each isomer's inhibition of DP IV. Tooircumvent 
the difficulties outlined above, we have developed a method 
which exploits the fact that dissociation of the inhibitor from 
the enzyme is a relatively slow process. The method involves 
incubating the enzyme witfi inhibitor in the absence of 
substrate. The amount gf free enzyme al any lime can then 
be determined by adding substrate and monitoring the time 
course uf the enzyme catalyzed reaction for a short period 
during which the inhibitor docs not have time to measurably 
dissociate from the en/.vmc. These simplified experimental 
conditions alio* the derivation of expressions which can be 
used to analyze inhibitor binding under both equilibrium and 
noncquilibrium conditions, equilibrium conditions hererefcj 
to experiments t:i which the preincubation time was sufficient 
for enzyme and inhibitor to reach equilibrium prior to the 
addition of substrate and enzyme assay. Noncquilibrium 
conditions refer to experiments in which the preincubation 
time was insufficient for equilibrium to be reached, and thus 
the system is within the slow. binding time domain. The 
integrated ralcequation needed toanalyze thenoncquilibrium 
data does not appear to have been previously derived and is 
therefore derived hece for the first tune. This approach and 
the derived equations should prove useful in the analysis of 
other sluw-btndina; enzyme- inhibitor systems. 

MATERIALS AND ME'lHODS 
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previously (Bachovchin et at. % j. ^ttlytical and semi- 
prcparativc C18 HPLC were performed on u 250 X 4.6 mm 
5->ira Nucleosil CIS HPLCcolumn (Alltcch Associates Inc., 
Dccrflcld, lL)usinga Hewlett-Packard 1050 quaternary pump 
HPLC equipped with a multiple wavelength detector (Hewlett- 
Packard, Rockviilc, MD). Several milligrams of the purified 
components could be prepared by repeatedly injecting 0-5 mg 
of the mixture on this column and then pooling and lyophilizing 
the appropriate Tractions. The resulting material was redis- 
solved in 0.01 N MCI. Analytical Cl 8 HPLCchromatograins 
of the purified pryducts arc shown in Figure 2. The absolute 
configurations were assigned on the basis of a dcLailcd NMR 
study (J. L. Sudmcier, W. G. Gutheil T and W. W. Bachovchin, 
unpublished results). An attempt to scale up this purification 
procedure on 200 X 1 0 mm and 400 X 1 0 mm Absorbosphcrc 
C18 HPLC columns (Alltech Associates) did not provide as 
pure a final product. 

Quantitatlon of Pro-boroPro by Amino Acid Analysis. 
Amino acid analysis was performed by the P1TC method 
(Bidlingmcycr et ai t 19H4). Quantitation was based on 
proline. The boronylproline did not appear in this analysis. 

Purification of Pig Kidney DP IV. Pig kidney DP IV was 
prepared as described previously (Wolf et at. t 1978). The 
concentration of DP IV active sites was assessed by stoichi- 
ometric titration with L-Pro-L-boroPro, as described further 
below. 

Standard DP IV Enzyme Assays. Standard activity assays 
were performed in 50 mM sodium phosphate (pH 7.5) at 25 
°C with the chromogenic substrate Ala-Pro-p-nitroanilide 
(APPNA) (Bachcm Inc., Torrance, C A), monitoring the 
on h Hewlett-Packard UV-vis spectrometer. The value At = 
8800 M-' enr 1 upon hydrolysis of substrate was used to 
calculate rates and concentrations (Erlanger et al. y 1961). 
The hydrolysis time course monitored for 2 min. The 
initial substrate concentrator, was 73.7 uM, 5 times the A' nv 
[vide infra). 

Equilibrium Titrations of DP IV with l-l and i.-n Pro- 
boroPro. These experiments were performed by first preparing 
a DP IV stock in the assay buffer. TheamountofDPlVused 
in each assay was the minimal amount necessary to obtain m 
sufficient absorbancc change in 2 min with the substrate for 
accurate quantitation. A series of Pro-boroPro dilutions and 
a blank were prepared in 0.01 N HCl. To 0.9S0 mL of the 
stock-diluted DP IV was addexi 10 pL ofdilutcd Pro-boroPro, 
the mixture incubated for 30 min at 25 °C, and the free 
entyme was assayed by the addition of APPNA in 10 of 
DMF. 

Kinetics of DP IV and \.-Pro-i-boroPro Association. For 
the association kinetics a fiuorumctric assay with Ala-Prc- 
7.amino-4-(trinuo:orncihyl)coumarin (APAFC) (Enzyme 
Systems Products, Livcrmorc, CA) was used. Fluorescence 
was monitored on a Pcrkin-Elmcr LS-5 fluorescence spec- 
trometer (Oik Brook. IL) with an excitation wavelength of 
400 ntn and a detection wavelength of 503 r.m. The rc^pon.sc 
v>as calibrated with 1 /iM 7-aminr .»-4-(trifluoromcthyl)- 
coumarin. The experiments were performed by incubating 
DP IV with inhibitor in the absence of substrate. After an 
appropriate Lime interval. APAFC was added to assay for 
free DP IV. The slow apparent rate of DP IV-inhibitor 
association under these dilute conditions gave a time course 
for the association reaction (Figure 5). Specifically, exper- 
iments were per formed by diluting stock DP IV into 10 mL 
■■F thr y buffer to give a concentration one-fiftieth that 



the diluted enzyme * v^^of ] mM APAFC in DMF in 
a cuveite (10 pM final concentration) and monitoring the 
fluorescence change for 2 min at 25 *C. This value was 
considered to be t - 0 for the binding time course. An aliquot 
of L-Pro-L-boroPro was then added to the remaining 9.010 
mL of diluted DP IV, ur.d 0.990-mL aliquot* were removed 
and assayed at intervals with APAFC as above. 

Stability o/l-L and l-d Pr^boroPro. In 0.01 N HCl these 
compounds appeared stable for at least 1 month at room 
temperature. Both the l-l and l-u Pro-boroPro preparations 
lose their DP IV inhibitory activity in the nxsiy buffer at pH 
7.5. To partially characterize this behavior, the time course 
of inactivation was monitored at three different concentra- 
tions: two at relatively low inhibitor concentrations, using 
DP IV inhibition as an indicator of residual inhibitor 
concentration, and one at relatively high inhibitor concen- 
tration, usiny C18 HPLC to determine residual inhibitor 
concentration. For motivation in the range of inhibUor used 
in the assays above, the inhibitor was diluted into assay buffer 
at a concentration sufficient to give roughly 90% inhibition 
initially (approximately 1 »M for the L-L and 100 nM for the 
L-D). At various time intervals DP IV was added, and after 
a 15-min incubation, APPNA was added to assay for the free 
enzyme analogous to the procedure used in the equilibrium 
titrations. In a second experiment the inhibitor concentration 
in the pH 7.5 buffer was 100 times the assay concentration. 
At time intervals between i and i SO min, 10 >*L cf the Pro 
boroPro solution was added to 0.980 of assay buffer" 
containing DP IV, and this mixture was allowed to incubate 
for 1 5 min. Substrate was Llien added to assay for free enzyme. 
Th: inhibition observed in these experiments was converted 
to the amount of active inhibitor using the inverse to the 
equilibrium relationships as derived in the Theory section. 
The inaclivation of these compounds was also observed directly 
at higher concentrations (250mM) by analytical CIS HPLC. 
Half-lives U i/J for degradation were determined empirically 
from plotted degradation time courses as the time at which 
one-half of the inhibitor remained 

Progress Curves for Enzyme + Substrate + Inhibitor 
Assays. These experiments were performed in two ways. One 
was for the enzyme to be added to an assay mixture containing 
a known amount of both the substrate and the inhibitor. The 
other was to incubate the enzyme with inhibitor for 15 min 
to establish equilibrium and then add substrate. The control 
for this experiment was to monitor 3 complete time course for 
the hydrolysis of substrate by enzyme. 

Numerical Integration of Rate Equations. Numerical 
integrations of rate equations were performed with thcGEAR 
software package (Stabler & Chcsick, 1978, McKinney & 
Wcigcrt. iyS6). 

Data Analysis. Data were analyzed by fitting to the 
appropriate equation by derivative-free nonlinear regression 
using the IBM PC based version of the B MOP program AR 
(BMDP Statistical Software, Los Anpclcs, CA). The equa- 
tions ubed arc derived in the Theory section. 

THEORY 

Derivation of Equation* Describing Simple A + B n C 
Equilibrium. In the cnzymatically monitored equilibrium 
titrations, we arc titrating DP IV with Pro-boroPro. The 
concentration of the stock Pro-bcroPro is accurately known 
from amino acid analysis. The observed binding of the l-i. 
Pro-buroPro was very light, und this in principle allows the 
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exactly using the quadratic equation. Using Ey to represent 
the total DP IV concentration and h to represent the total 
inhibitor concentration, the following equations can be derived; 

(£ T + / T + K>) - V((£ t + /t 4 ' ^) 1 - 4£ t^ 
* {Ef) = — ' 2 ~ 

E-^ ~ (£/) (2) 

I=T r -{EI) (3) 

The observable is the rate or APPNA hydrolysis, which is 
proportional to £: 

rate = E{SA) W 
where S A is the specific activity In units of AOD 4l0 /min/pM 
DP IV active sites at 73.7 M M APPNA- The experimentally 
variable parameter is / T . The adjustable parameters to be fit 
are K» E r On terms of active sites), and SA. In the case or 
L-Prr>D-boroPro, the less potent inhibitor, thecbserved binding 
appeared to bedue to contamination with the L-Ldiaslereomer. 
This situation was Analyzed by including another adjustable 
parameter, %L~L, in these equations. The actual amount of 
U-l present therefore was 



- * _ w» . . / \ AA 



f-r(L't) 

where / t (l-l) is the true total L-L concentration, h(L-D) is 
the total inhibitor concentration (based upon amino acid 
analysis), and %L-L is an adjustable parameter describing the 
% contamination of l-l in the L-D preparation. 

Inversion of the Equilibrium Equation To Measure the 
Rate of Inactivation of L-Pro-L-boroPro. In the preceding 
section, an equation was derived describing the observed rate 
of DP iV catalyzed substrate turnover as a function of the 
independent variable Jt(l-l) and the parameters Ku Ex* and 
SA, which arc to be Tit to experimental data. Once these 
parameters have been fit. it is possible to find the inverse 
relationship to this equation and, with the fitted parameters, 
to calculate / T (L-L) from an experimentally measured rate as 
required for analysis of the DP IV monitored inactivation of 
Pro-boroPro described above. The following equation is ca-iily 
derived: 

/ T f l-l) «, E T - K t - ratc/SA + £ T *',(S A}/raie (6) 
where the parameters are as defined above. 

Derivation of an Integrated Rate Equation for the A + B 
C System. Surprisingly, the appropriate form of the 
integrated rate equation for this system was not found in a 
number of standard sources. The system 



E + / - (El) 



(?) 



is described by the following set of differential equations 

dE/dt = -k m El±k M {Er) (8a) 
d//dr = ~k on EI + k 0 r ( {El) (Sb) 
- <MEF)/dt^k Qn El-k^{Ef) (8c) 
Substitution for E, I. and k 0 ti or 

E-E^{Ef) (9) 



into the expression for d(£/)/dr and then expansion and 
rearrangement give* 

d(E/)/di = k^Elj 1 - (k„E T + kj r + W) + 

*JMt (12) 

This can be rearranged for integration as 

d(£7) 



dr = 



kjEl) 2 - (kj; T + kj, + k^HEl) + k„E T i 7 



(13) 



The left side of this differential equation is trivialto integrate. 
The right side u given in standard math tables [CRC 
Handbook of Chemistry and Physic*. Vol. 67, p A-26, eq 
1 10, second equation). (Note that wc use q Tor -q and that 
q in our nomenclature can' be shown to always be greater than' 
or equal to 0, a prerequisite for using this equation.) 



\fq v lex + b + Vg J 



(14) 



where x - (El) t X~a + bx + cx\ a « k m E T f lt b = -(k*«Ei 
+ Ut + ^on^l), c - * on . and ? = P - 4ac. The appropriate 
integrated expression is therefore (with an initial condition at 
t = 0 of x « 0 (i.e., (£/) - 0;) 

_l U2cx+ b-\fq){b+ Vg) 1 (J5) 
Rearrangement to solve for x in terms of / gives 



(i-c ,w '^K^w5L 



, — ■ n - (16) 

To check this result, note Lhat at t = 0, x ° 0 as expected. Also 
note that 



as r -* 1 



( -«,)(> + v^) 



2c 



(17) 



(18) 



which b equivalent to the equilibrium expression derived above 
(cq 1), also expected. 

Analysis of Enzyme + Substrate Progress Curves. The 
data were collected at 5-s intervals over the time course of 
thcseexperimeiUs.upto 1.5 h. Several approaches have been 
described for the analysis of data of this type. Direct fining 
to the integrated Michaclis-Mcntcn equation (Kellcrthohn 
& Larent, 1985; Cox & Bockcr, 1987) is complicated by the 
fact that this equation is a mixture »?riincar and transcendental 
functions in the dependent variable, and therefore f (time) 
mast be fit as a function of P (product concentration). A 
more ducct approach is to determine the rate (df/df) from 
the data and to fit this directly to the Michaelis-Mcntcn 
equation (Cancla &. rrnnco, 1986). We use this approach 
here, but have not found it necessary to use a complicated 
wcighiinfi scheme nor to fit the time course data to a polynonnial 
equation to extract derivatives. Instead, the data in terms of 
(OD.O data pairs were converted into (/V) data pairs and 
then into (SfiP/dt) data pairs in a Lotus 123 spreadsheet 
(Lotus DevelopmentCorporation.CambridgcMA). Thcd/*/ 
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differences using the formula 

(dP/dO^iP^-P^/i^-t^) (19) 

Parameters (A' m and k al ) were then determined by fitting to 
the Michaelis-Menten equation 

(d/VdOi^atW^ + O (20) 

The predicted time course was calculated from the fit 
parameters by summation using the following equations (Af 

= 5s); 

(21) 
(21) 

(23) 



0 



*W 0 -/\ (24) 
which can also be performed easily in a Lotus 1 23 spreadsheet. 

Alteratively, Lhe predicted time course can be obtained by 
numerical integration. The system 



E + Srt{E$) — E + P 



(25) 



is described by the following set of differential equations: 

d£/dr = -E$k x + {ES){k_ x + * cll ) (26a) 

dS/dt - -ESk x + (ES)k_ t (26b) 

d(£S)/dr « £S*, - <££)(*_, + (26c) 

dP/dt = (£5>fc tol (2<Jd) 

Given the initial values for the concentrations of the com- 
ponents in this system and values for the rate constants, the 
GEAR program wili provide a simulated lime course for 
comparison with the experimentally determined time course. 

Numerical Simulation of the Model Shown in figure 7 A. 
The model shown in Figure 7A is described by the following 
set of differential equations: 

d£/d/ = -ESk, + (££)(*_, + - k on CI + k^El) 

(27a) 

dS/dt = -£5A, + (27 b) 

d(ES)/dt = ESk : - {ES){k_ x + (27c) 

dP/d/ = (£S)k nt (216) 

d//dr = (27c) 

d[EI)/dt=k m EI-k ct( [EI) (27f) 

Note that cq? 27 = cqs 8 + cqs 26, i.e., model(Figure 7A) = 
models* + / = EI) + modcl(£ + 5 ^ £S — £ + P). Also 
note that for the one species common to both models, £, the 
differential eq 27a is obtained as 

d£/dr mode , tR - +/e=f/) + 

d£/dWKA+^.s-/:+/-) t 23 J 
Given values for all of the initial concentration and the rate 
constants describing Figure 7A, it is possible to simulate 
experimental result* for thissystcm using the GEAR program. 

RESULTS 

Purification of FrO'boroPro Diastertomers. The separation 



d£/dr n 



.oddtFipre ?A) 
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Fict'RR 2: CIS HPLC chrcrualogranis ihowmg resolution of Pro- 
boroPro diaatcrcomcrs. The upp«r chromatugram U of the starling 
mixture, the middle chromatogram is of the purified l-odiajitcrcomcr, 
ir.d the lower chromatograai is of the purified l-l diastcrconwr. 
HPLC condition!: loWcnt A 0. 1 % trifluorcacctic acid CTFA) in HjO; 
solvent B 70% acetcnitrile/30% HiO/O.036% TFA; gradient 0-2 
min U% U. 2-32 min 0-100% B. Only the first 15 min of each 
chroma togr am arc shown. The baso-line disturbance at 8.15 min is 
the gradient entering the detector. 
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TIME tmin) 

FIGURE 3: DP IV monitored inactivation kinetics or l-l (■) and L-D 
(») Pro-boroPro at the very lou- concentrations («— 1 nM al l-l) and 
pH (7.5) used in the equilibrium und kinetic experiments. The l-L 
concentration was calculated from the raw data using the inverse of 
the equilibrium equation dcri»ed in the Theory section (eq 6). 

2. Attempts to scale up this separation were unsuccessful 
owing to the decreased resolution with larger column diam- 
eters, which could not be overcome by extending the length 
cF the column. For separation on analytical columns, about 
0.5 mg of the mixture was loaded for each run. A purity of 
>98% for the purified products was indicated by analytical 
HPLC (Figure 2). 

Stability of Pro-boroPro Diastervumers. The concentration 
dependence of the inactivation oT Pro-boroPro was examined 
at very low (—1 nM) and low ( — 1 00 nM) concentrations of 
Pro-boroPro, at pH 7.5, using DP IV inhibition to monitor the 
residual active inhibitor concentration, and at a relatively high 
( — 250 mM) concentration of" the inhibitors using Cl8 HPLC. 
The time courses of the degradation kinetics had the same 
shapes as the curves shown in Figure 3 in all cases, but with 
somewhat different half-lives. The inactivation reaction 
appears to follow a mixture of zero- and first-order kinetics, 
with zero-order dominating. The measured half-lives at pH 
7.5 for the l-l isomer were 5 5 min at ~ 1 nM, 35 min at — 100 
nM, and 40 min at ~250 pM. The half-life at pH 7.5 for the 
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Figure 4 1 Equilibrium titration data and fits obtained for l-l and 
l-d Pro-boroPro inhibition or DP I Y. Each point for the l-l titration 
it the average of three determinations. Each point for the l-o titration 
isth-averagcornvcdcicrminaliuns. (A) Fit ot'thc l-l titration data 
to a iitnplc equilibrium model (*q 4). (B) Fit of the L-o titruhon (ilia 
to a simple equilibrium model (cq A). (C) Fit of the l-d titration 
data to a simple equilibrium model (cq 4) where observed inhibition 
by l-d is due to cuulauiijiAtion by q fractional amount, %L-L. of L-L 
(cq 5). In this figure, • » used to represent data poinu ■ is used 
to represent the residual value between the calculated value based 
upon the fined parameter and the experimentally observed value-. 
And the linos represent the calculated value of the observable based 
upon the filled parameter values. 

measured by HPLC. The inactive malarial can be reactivated 
by acidiricatiot\, a process which is relatively slow (35% in I S 
h at pi 1 2.0). The inactive material is the cyclic structure in 
which the N-tcrminal nitrogen atom forms a covnlenl bond 
with the boron atom of the boronyl group (J. L. Sudmcicr, 
W.G. Guthcit, and W. W. Bachovchin, unpublished results). 

Equilibrium Binding ofl-i. and L-D Pro-bowPro to DP IV. 
Under the conditions used Tor the equilibrium binding assays, 
>95% or the final equilibrium inhibition was observed in 3 
min at the lowest inhibitor concentration used. Free enzyme 
was assayed a Tier incubating enzyme and inhibitor for 30 
min. Over the 2-min timccourscor the enzyme activity assay, 
no upward curvature was observed which would indicate 
Inb^ltor was bcinp displaced by substrate on this lime scale. 
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TIME (sec) 

FlOUKH 5: Kinetics or L-PrO-L-boroPro binding to DP IV at two 
inhibitor concentration*. Inhibitor concentrations . for the two- 
experiment are shown in the inset. Dok were fit locqP- Calculated 
Jk-T - Jt«X t = 78 X 10-* s-i. 

experiments yield a K x for L-Pro-L-boroPro or 16 pM (Figure 
4A) This value is much less than the estimated DP IV 
concentration or 570 pM (SE - 20) (in terms- or binding sites) 
and establishes that the titration was well into the tight binding 
regime The L-Pro-D-boroPro binding data fit poorly to the 
simple equilibrium mode! (f igurc4B) but very well id a model 
in which the observed inhibition is assigned to small amount* 
of contaminating L-Pro-L^boroPro (Figure 4C). This analysis 
indicated that our preparation of L-Pro-D-boroPro contained 
0.59%ofthc L-Ldiwlereomer and that the inhibition observed 
with this preparation is due to the contaminating 
diastcrcomcr. This level or contamination was confirmed by 
analytical HPLC. 

Association and Dissociation Rate Constants for L-Pro- 
L-boroPro Binding in DP IV. To determine values for * on and 
k H a more sensitive fluorescent assay was employed to allow 
the lime course of inhibitor binding to DP IV lo be monitored 
under conditions of low DP IV concentration (1 1 .4 pM active 
sites), A fn of these data to the integrated rate equation 
derived above (Figure 5) yielded a bimolccular association 
r:*Lc ctmsum. of 5.0 X I0 fi M" 1 s"' (SE - 0.2), a A of 
16 pM (SE = 7) (a value identical with that determined by 
equilibrium titration), and a unimoiccular off rate, * 0 rr, 
c dculatedfromthc^anaA'„or7Sx 10^r'. The calculated 
u rf rate indicates that the /, /2 for dissociation is L 50 min, 
which is slow relative to the 2 min required for the enzymatic 
assays employed in these experiments, thereby confirming 
the original assumption on which this experimental approach 
was based. This t\ n for dissociation is much long" than the 
fj^forthcinHctivationoffreeinhibitorandthcrcforcindicHtes 

that inhibitor in the enzyme-inhibitor complex is more stable 
than the free inhibitor. 

Kinttics ofAPPVA Hydrolysis by DP I V. Proves* curves 
for the hydrolysis of APPNA starting at the standard assay- 
concentration or 73.7 h \\ APPNA are shown in Figure 6A. 
The Fit to the Michaelis-Menien equation using the method 
described above is very good (Figure 6B>. and only a Might 
difference between the experimental and fit curves is dis- 
cernible Product inhibition therefore appears negligible in 
this case. This analysis yielded a fc M1 of 90.8 S" 1 (SE - 0.9) 
and a K lV of 14,3 uNf (SE - 0.5). 

Progress Curves for Enzyme + Substrate + Inhibitor 
Assays and Numerical Simulation To simulate the hydrolysis 
, r ( . .w, r! ; rf '-;o thf bindir.7. and dissociation of inhibitor 
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FIGURE 6; Progress curve Tor the hyd rolysis of APPNA in the absence 
and presence of L-Pro-L-boroFro and fitted and simulated progress 
curves. (A) Progress curve data far hydrolysis of APPNA by DP 
IV. The initial concentration of APPNA wai 73.7 jiM and thai of 
DP IV was 570 pM. (B) Curve resulting from the fit of" the progress 
curve to the Michaelis-Menten equation (cq 20) as described in the 
text. The fit parameters were K m = 14.3 (SE = 0.4) and **» t 
= 90.8 H (SE = 0-9). (C) Substrate hydrolysis progress curve 
simulated by numerical integration of <qs 26a-d using k\ = 6.34 X 
10* M -) rK y.\ - n . A--; = 90-5 H. as discussed in the text. The 
curves A-Care essentially indistinguishable. (D) Experimental data 
from the experiment where DP IV is added to a fresh mtxtur- or 
APPNA (73.7/iM) and L-Pro-L-boroPro (4.76 nM). (E) Simulation 
or experiment D by numerical integration of cqs 27a-f with k lt 
and k al as in C and k n = 5.0 X 10* M" 1 s~ l and JU * 78 X ItH 
(F) Experimental data for thecxperiment where DP 1 Vis preincubated 
with L-Pru«L*boroPro (4.76 nM) for 15 mm and then APPNA (73 7 
fiht) is added. (G) Simulation of experiment F by numerieul 
integration- 
COmpCncnt rate constants from the K m : 



Equation 29 can be rearranged to give 



(29) 



(30) 



Since A_i must be greater than or equal to 0, &i must be 
greater than or equal to 6 34 X 10'* M" 1 s _l on the basis of the 
values of K m and JL cat obtained above for DP IV and APPNA. 
The minimal model for simulating the kinetics of substrate 
hydrolysis employs values of £_] = 0, & t = 6.34 X 10 s M" 1 
j-\ and k al = 90-8 s" 1 . A simulation of the Lime course of 
APPNA hydrolysis by DP IV using these values by numerical 
integration of cqs 26 gives the result shown in Figure 6, curve 
C. It is clear that the parameter values obtained using these 
methods accurately account for the DP IV catalyzed progress 
curves for APPNA hydrolysis. These values for k l9 k. u and 
together with the determined k Qa und k oa values for l-l 
Pro-boroPro binding to DP i V, allow the kinetics of a ternary 
enzyme + substrate + inhibitor experiment, o: of substrate 
being added to preequilibratcd enzyme + Inhibitor, to be 
simulated by numerical integration of the different! equations 
describing Figure "A (cqs 27). The results from these 
experiments and simulations are shown in Figure 6, curves 
D-G. It is apparent that, although the kinetic parumctera 
accurately reflect the simplified experiments from which they 
were obtained, they do not accurately predicUhe more complex 
"-v^r *■ vjb^'.r-'.-e ir.h'Nirv experiment?. It should be 
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PiCure 7: Two models for inhibition which have been proposed and 
asod for the analysis ofsluw-binding inhibitor data: (A) simple model; 
(B) complex model 

the formation of the ES complex, is taken into account and 
that formation of the ES complex is rapid and reaches a steady- 
state concentration in about 10 ms. Increasing the rate at 
nhicli ES reaches the «tc?.dy stat* by increasing the value of 
JL]. and the value of k x to satisfy eq 30, has no significant 
effect on cither the simulated substrate hydrolysis progress 
curve or the simulated enzyme + substrate + inhibitor progress 
curves. 

DISCUSSION 

The slow rate at which L-Pro-L-boroPro dissociates from 
DP IV allows the amount of free enzyme to be sampled during 
the course of an enzyme plus inhibitor preincubation by the 
addition of substrate, without the added substrate perturbing 
the position of the enzyme-inhibitor equilibrium, over the 
course of a 2-min assay. This simplification in the experimental 
desiga allows for a relatively simple mathematical treatment 
of inhibitor binding to DP IV as an A + B r= C system at 
equilibrium or approaching equilibrium. Analytical equations 
for both situations are derived. The integrated rate equation 
describing the kinetics of such a simple system approaching 
equilibrium did not appear in standard sources, although we 
did not search extensively into the older literature. The 
experimental data were Fit directly to these equations, and the 
reliability of the values for the fit parameters was assessed 
fruin the standard crrorsand from the correlation matrix from 
the analysis. Other parnmctcrs, such as stoichiomctry or 
contamination level, can be included in such an analysis 
relatively easily, as demonstrated above for the determination 
of theaclivesitcconccntratioii and for Lhc determination that 
theobserved inhibition by our preparation of L-Pro-D-boroPro 
is due to contaminating L-Pro-f,-boroPro. 

The experiments were designed to minimize the effect of 
inhibitor instability on the acquired data, since it was known 
from previous studies that Pro-boroPro had a half-life of 
between 30 min and 1 hat pH values of 7.0 and above (FIcntkc 
et a/.. 1991). The cquiibrium titrations were therefore 
conducted at sufficiently high concentrations of enzyme and 
inhibitor to ensure that association iscomplctc In 5 min. Tims, 
the equilibrium experiments should have suffered little or no 
perturbation from inhibitor instability. On the other band, 
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inhibitor concentrations low enough w allow the rate of 
association to be measured and thus were more susceptible to 
the effect of inhibitor instability. The effect or inhibitor 
instability was minimized by restrict^ the time course to 30 
mm during which -20% of the inhibitor would have 
decomposed (Figure 3). Thus, even in the kincUc experiments 
the effects from inhibitor instability should have been small. 

The results from the application of this approach to the 
binding of Pro-boroPro to DP IV demonstrate thai L-Pro-L- 
boroPro is a light binding inhibitor of DP IV with a ft of 16 
pM This value is substantially lower than the ordinal estimate 
of 3 nM. as expected, and more accurately reflects the true 
affinity of L-Pro-L-bcroPro Tor DP IV, The results also 
demonstrate that the L-D diastereomcr is a much weaker 
inhibitor than the L-U if it is an inhibitor at ail, as the analysis 
of the data demonstrates Lhat all of the observed inhibition 
can be attributed to the presence of -0-59% of the L-L 
diastereomcr (Figure 4B.C). The bimolccular * OQ for L-Pro- 
L-boroPro of 5.0 X 10* M" 1 s" 1 , obtained from the kinetic 
experiments, is close to the values of (5-9) X 10* M"' r' 
measured for peptidyl boroArfi based inhibitors of thrombin 
(Kcttner w d/., 1990). The k l)(t of 78 X 10-* s~K calculated 
from the experimentally determined *«„ and AT if indicates that 
the tight binding of these inhibitors is a consequence of their 
5 low dissociation rate.*;. The slow dissociation of inhibitor (t 1/2 
= 1 50 min) validates the experimental approach used :n this 
study of prcincubating enzyme and inhibitor followed by 
assaying the enzyme by the addition of substrate. 

The tight binding behavior of L-Pro-L-boroPro with DP IV 
allows it to be used as an active site tkrant. The accuracy 
with which we car. measure the concentration of DP IV active 
sites should be limited primarily by the accuracy with which 
we can measure the concentration of thestcck L-Pro-L-boroPro 
solution. The concentration of this slock solution was 
determined from three replicate analyses to be 4.76 mM with 
a standard error of 0.05 or 1.1%. The results of an active site 
titration of DP IV with L-Pro-L-boroPru together with the 
published 6* of 8800 M" 1 cm" 1 at 410 nm for substrate 
hydrolysis (Erlangcr et al 1961), and the progress curve 
analyse? shown in Figure 6D, yield a * ot or turnover number 
of 90.8 s- 1 . This is significantly higher than the 54.6 s" 1 
previously reported for this enzyir.e-subslratc pair obtained 
under slightly different experimental conditions (Hems etui., 
1988). The values obtained in this study are less subject to 
errors owing to protein imparities or denaturation than values 
based upon protein concentration measurements. Because 
L-Pro-L-boroPro is a transition-stuie (or intermediate) analog, 
only catalytically active enzyme is expected to bind the 
inhibitor with high affinity. We cannot, however, rule out 
the possibility that species other than catalytically active DP 
IV migh: bind to the inhibitor with sufficient affinity to 
imroduce some error into the U3C of the stoichiometry for 
inhibitor binding as a measure of catalytically active DP IV. 
The estimate of the value for *„, of 90.8 s" 1 for APPN A 
hydrolysis under these conditions should therefore be con- 
sidered as the best current estimate. The true value will in 
fact be higher if species other than cauly tically active DP IV 
bind this inhibitor with high affinity. The A* m of 14.3 
obtained here is similar to the previously reported value of 
16.6 nM (Heir-s et al, 19S3). 

Slow-binding kinetics can be the result of either a one-step 
mechanism in which the approach tu steady stale is slow due 
eo a low value for *„. Kr, or both [Figure 7 A, mechanism 
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formed which then undergo. low conversion to a tighter 
complex [Figure 7D, mechanism R of Morrison and Walsh 
(1988)1. The decision ofwhich mechanism is followed "hould, 
in principle, be a simple matter of determining which 
mechanism belter account? for the experimentally observed 
progress curves. In practice, the discrimination between the 
one- and two-step mechanisms is not so simple. A major 
problem is lhat the integrated forms of the differential 
equations describing the two-step mechanism (mechanism B) 
have noL been derived owing to their complexity. Conse- 
quently* alternative methods have been sought, and the most 
often used method has been to fit the observed slow-binding 
progress curves (of enzyme + substrate + inhibitor) to the 
integrated form or the one-step model (Cha. 1976; Williams 
et al. y 1979). This approach yields values for the initial rate 
at the beginning of the progress curve, v 0 . the final steady- 
state rate, v u and the apparent first-order rale constant for 
the approach to steady state, k vU . A dependence of * 0 
(Williams era/-, 1979) or a nonlinear dependence of *ota on 
inhibitor concentration is taken as evidence for a two-step 
mechanism (mechanism B). Williams et al. (1979) have 
carried out a more rigorous analysis of the slow-binding 
inhibition of dihydrofolatc reductase by methotrexate by fitting 
the data to a bimutalion generated by numerical integration. 
Such an approach has thus far been reported on ly^ once. 
Williams et qI (1979) concluded that the observed inhibition 
kinetics of DHFR(dihydrofolate reductase) wiiii methotrexate 
waa consistent with a two-step mechanism, but they did not 
show that the fit to a two-step mechanism was statistically 
better than that to a one-step mechanism. 
. The approach wc have employed here of prcincubattng DP 
IV and L-Pru-i.-horoPro in the absence of substrate yields 
slow-binding curves that both qualitatively and quantitatively 
resemble slow-binding curves generated in the presence of 
substrate. A major advantage of this approach is that, owing 
to the absence of substrate, mathematical analysis of thcslow- 
binding inhibition becomes greatly simplified. Thcintcgratcd 
equation for a one-step mechanism in the absence of substrate, 
however, does not appear to have been derived before and is 
given in cq 10. A fit of the observed slow-binding Wnctics in 
the absence of substrate to cu. 1 6 is quite good (Figure 5) and 
yields a A, value which agrees with that obtained in the 
equilibrium incubation experiments. This analysis thus 
indicates that l-l Pro-boroPro binds to DP IV via a one-step 
mechanism and that the time dependence of iho inhibition 
arise* simply as a consequence of low enzyme and inhibitor 
concentrations. Thisconclusion is at odds with previous stupes 
of slow-binding inhibiuonof serine proteases by peptideboronic 
acids which have generally favored a two-step mechanism 
(Kettncr &Shcnvi, 19S4;Shenvi, 1986; Keuner er a/., 1988, 
1990). Intuitively, it seems that the ^low-binding inhibition 
observed for this class of inhibitors should have a common 
mechanism and. therefore, that perhaps some of the earlier 
kinetics supporting two-step binding should be reexamined 
using the methods repuried here. Such studies arc in progress 
The parameters obtained for the analysis of the DP IV + 
L-Pro-L-boroPro data ir. the absence of substrate accurately 
account for the data obtnincd in these experiments (Figures 
4 and 5). A problem amc?. however, when these parameters 
are u.scd lo simulate the inhibition kinetics observed for the 
enzyme + substrate + inhibitor experiments. The simulated 
curves substantially overestimate the experimentally observed 
inhibition as illustrated in Figure 6D.E for / = 4.76 nM. A 
r, n r a, c*rcri:ncrta1 d-.ta in Figure 6D to a numerically 
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holding the substrate purameU . iixcd, yields a X; for the 
inhibitor of 5 1 0 pM, a value substantially higher than that of 
1 6 pM obtained with the simplified system. As the inhibitor 
concentration is increased, the apparent K\ value decreases, 
suggesting that the K\ value obtained with the simplified 
y experiment!] approach represents a limiting value which would 
eventually be realised at a sufficiently high inhibitor con- 
centration. The apparent dependence of on the inhibitor 
concentration is inconsistent with either a one- or two-step 
inhibitor binding mechanism and must therefore reflect xomc 
as yet unidentified complication in the enzyme + substnuc 
+ inhibitor mixtures which is obviated in the preincubation 
experiments. The possibility that acomponentorthcsubsirale 
solution accelerated the inaclivation of the inhibitor has been 
ruled out (data not shu*n). Other possibilities include some 
typeof allostcricintcraction between the two identical subutiiu 
of DP IV or hysteresis. 

The experimental approach reported here cun be applied 
to enzyme-inhibitor systems in which the dissociation of the 
inhibitor is slow relative to the Lime required to assay the free 
enzyme. Such an approach has advantages and disadvantages 
over the traditional method. The main disadvantage is that 
this approach requires the f | /; for dissociation of the inhibitor 
to be slow relative to the time necessnry for measurement nf 
the enzyme activity. A second disadvantage is that the kinetic 
measurement require a very sensitive assay capable of 
m^asurin^ the small amounts cf enzyme present under )C' rt e' 'c 
conditions. The major advantage of this approach is that it 
allows data obtained under bolh equilibrium and kinetic 
conditions to be fit directly to analytically derived equations 
formulated in terms of fundamental physical constants. 
Another advantage is that it yields kinetic parameter* for 
inhibitor binding under conditions where complications a rising 
from substrate are eliminated. Such an analysis provides a 
useful Starting point for dissecting more complex kinetic 
systems such as the one described here. Wc expect that, in 
the absence uf complicating factors, this approach will provide 
parameters which fully account for the behavior of the enzyme 
+ substrate + inhibitor .system. The numerical simulation of 
complex kinetic systems using experimentally derived rate 
and equilibrium constants is not communly used to verify that 
such constants accurately reflect the data from which they 
were obtained. The re^ulli reported here demonstrate that 
such an exercise m^y reveal more complicated interactions 
between components than originally anticipated. 
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